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Cognitive outcome differences on the side of
carotid artery stenting
Hideyuki Ishihara, MD, PhD, Fumiaki Oka, MD, PhD, Satoshi Shirao, MD, Shoichi Kato, MD, PhD,
Hirokazu Sadahiro, MD, Masami Osaki, BA, and Michiyasu Suzuki, MD, PhD, Yamaguchi, Japan
Objective: The right and left sides of the brain play different roles in cognition. Therefore, the side of treatment should be
taken into consideration when evaluating cognitive outcome following revascularization. Thus, we designed a study to
evaluate changes in right hemisphere cognitive function in patients undergoing right carotid artery stentings (CAS) and
left hemispheric cognitive function in patients undergoing left CAS. In addition, we studied CAS-related changes in
regional cerebral blood flow to determine potential correlations with changes in cognitive function.
Methods: We performed a prospective assessment of 39 CAS patients, all of whom were right-handed. Patients with
contralateral stenotic lesions were excluded. Twenty-one patients underwent CAS of the right internal carotid artery
(Right CAS group) and 18 underwent CAS of the left internal carotid artery (Left CAS group). Neuropsychological
testing was performed preoperatively and 6months after endovascular treatment. Cerebral blood flowwas determined by
123I-labeled N-isopropyl-p-iodoamphetamine single-photon emission computed tomography before and 6 months after
CAS.
Results: In the Right CAS group, postoperative performance intelligence quotient score (91.1  18.2) was significantly
improved compared with the preoperative score (84.9  16.7; P < .001). In the Left CAS group, postoperative verbal
intelligence quotient score (104.0 18.8) was significantly higher than that before endovascular treatment (97.9 15.8;
P < .005). Postoperative regional cerebral blood flow was not significantly different from that before endovascular
treatment in either group. However, regional cerebrovascular reactivity of the treated side showed significant improve-
ment after treatment.
Conclusions: Amelioration of cognitive function may be dependent on the side of revascularization. Performance
intelligence quotient improved after CAS in patients with severe carotid artery stenosis on the right side. Verbal
intelligence quotient also improved on the left side after endovascular treatment. These effects seemed to involve
improvement in regional cerebrovascular reactivity by CAS. (J Vasc Surg 2013;57:125-30.)
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lHigh-grade stenosis of the internal carotid artery is
associated with cognitive impairment and decline, even in
asymptomatic patients.1 The pathophysiological causes of
cognitive impairment due to carotid artery stenosis include
cerebral hypoperfusion2 and embolic stroke.3,4
Improvement in cerebral hemodynamics and eradica-
tion of the sources of microemboli could result in cognitive
functional improvement.5 Therefore, revascularization
would be of greater benefit to cognitive functions of the
cerebral hemisphere ipsilateral to the operated side rather
than to those of the contralateral hemisphere. For this
reason, methods for evaluating cognitive functional
changes should be specific for the hemisphere being revas-
cularized.
The effects of carotid revascularization on cognitive
function are controversial.6-8 This may be due to differ-
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nd a lack of consideration of the side treated.
To our knowledge, there have been no previous studies
f cognitive functions in relation to the side of carotid
rtery stenting (CAS). The present study was performed to
ssess neurocognitive outcomes and their relationships to
he side of CAS and alterations in cerebral hemodynamics.
ETHODS
This study was approved by the Ethics Committee of
he Yamaguchi University. All individuals gave their in-
ormed consent before participating in the study.
The study population consisted of 39 right-handed
atients with ipsilateral internal carotid artery stenosis
70%) who underwent CAS. Patients with contralateral
tenotic lesions were excluded. Patients who had experi-
nced ipsilateral stroke within 3 months before CAS were
xcluded. Thirty-seven of the 39 patients were men, and
he remaining two were women. The mean age of the
atients was 71.3 4.4 years, ranging from 60 to 79 years.
wenty-one patients underwent CAS of the right internal
arotid artery (Right CAS group), and 18 underwent CAS
f the left internal carotid artery (Left CAS group).
All patients received two of three antiplatelet drugs
rior to treatment (100 mg of aspirin, 75 mg of clopi-
ogrel, 200 mg of cilostazol). CAS was performed under
ocal anesthesia via the percutaneous transfemoral route. A
istal protection device was used in all cases; a Carotid
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January 2013126 Ishihara et alGuardwire (Medtronic, Santa Rosa, Calif) was used in 23
cases and an Angioguard (Cordis Lab,Miami, Fla) was used
in 16 cases. A battery of neuropsychological tests was
administered, consisting of the Japanese translation of the
Wechsler Adult Intelligence Scale III (WAIS-III) and Jap-
anese translation of the Wechsler Memory Scale Revised
(WMS-R). WAIS-III provides measures of general intellec-
tual function and generates performance intelligence quo-
tient (PIQ), verbal intelligence quotient (VIQ), and full-
scale intelligence quotient (FIQ), while WMS-R is used to
assess general memory, verbal memory, delayed memory,
visual memory, attention, and concentration. These neuro-
psychological tests were standardized for the Japanese pop-
ulation, and all scores were adjusted according to age. The
neuropsychological tests were administered before and 6
months after CAS.
Two control groups consisting of patients without
carotid artery disease and with carotid artery disease were
included as controls. The control (a) group consisted of 17
patients with asymptomatic unruptured cerebral aneurysms
(6 men and 11 women; 61-73 years old; mean age, 65.2
years) who underwent the same neuropsychological tests
before and 3 to 6 months after neck clipping through
craniotomy. Postoperative computed tomography indi-
cated that none of the 17 patients had new postoperative
neurological deficits or brain injury caused by aneurysm
surgery. The control (b) group consisted of 12 patients
with atherosclerotic carotid artery disease (10 men and 2
women; 59-78 years old; mean age, 70.04 years) who
underwent the same neuropsychological tests twice with an
interval of 3 to 6 months. The clinical courses were un-
eventful during this interval.
In all cases, quantitative determination of cerebral
blood flow was assessed using 123I-labeled N-isopropyl-
p-iodoamphetamine (123I-IMP) before and after CAS.
Single-photon emission computed tomography (SPECT)
studies were performed using a ring-type SPECT scanner
(GCA-9300A; Toshiba Medical, Tokyo, Japan). Cerebral
blood flow was quantified using the dual-table autoradiog-
raphy method,9,10 which consecutively measures cerebral
blood flow at rest and during acetazolamide loading. All
123I-IMP SPECT image data were analyzed using a work-
station (GMS-5500; Toshiba, Tokyo, Japan). The amounts
of cerebral blood flow at rest and cerebral perfusion reserve
in the region of interest were calculated. Regional cerebro-
vascular reactivity (rCVR) was calculated as follows: rCVR
(%)  ([acetazolamide challenge regional cerebral blood
flow (rCBF) – resting rCBF]/resting rCBF) 100. In this
study, the cerebral blood flow (CBF) regions of interest
were the anterior cerebral artery, middle cerebral artery
(MCA), and posterior cerebral artery distributions of the
ipsilateral and contralateral hemisphere.
STATISTICAL ANALYSIS
Data are presented as mean  standard deviation. The
paired t-test was used to characterize post-treatment
changes. In all analysis, P  .005 was taken to indicate
statistical significance. All calculations were performed with itatcel software (version 2: OMS Publishing, Inc, Saitama,
apan) running on Macintosh OS X.
ESULTS
Postoperative course was uneventful, and there were no
urther cerebral ischemic events in all except one patient
ith symptomatic left-sided carotid artery stenosis, who
xperienced minor stroke in the perioperative period. This
atient recovered fully 5 days after CAS. Diffusion
eighted imaging (DWI) performed within 1 week after
AS showed new hyperintense lesions in the cerebral hemi-
phere ipsilateral to CAS in 12 (30.8%) of the 39 patients
right side, n  7; left side, n  5). The number of lesions
aried across subjects from 1 to 5 lesions (mean, 1.6;
tandard deviation, 1.2). These new hyperintense lesions
ere10 mm in diameter. None of the patients developed
yperperfusion syndrome. The results of computed tomog-
aphy angiography (CTA) confirmed that none of the
atients had developed restenosis 6 months after CAS.
The Right CAS group showed significant improve-
ents in postoperative PIQ and delayedmemory (Figs 1,A
nd 2, A), whereas postoperative VIQ was significantly
mproved in the Left CAS group (Fig 1, B). Although the
ontrol (a) group showed slight improvements in most of
he WAIS-III and WMS scores, they did not reach the level
f statistical significance (Figs 1, C and 2, C). There were
o significant changes in the WAIS-III or WMS scores in
he control (b) group (Figs 1, D and 2, D).
Fig 3 shows the results of SPECT study of the Right
AS group divided into the ipsilateral and contralateral
ides according to affected vascular territories. The rCBF
nd rCVR of the Left CAS group are shown in Fig 4. There
ere no changes in ipsilateral rCBF at rest in any of the
ascular territories at the postoperative chronic stage or on
he operated sides (Figs 3, A and 4, A). In addition, no
hanges were detected in contralateral rCBF at rest after
AS (Figs 3 B and 4, B). Ipsilateral rCVR was significantly
ower than that on the contralateral side in the patient
roup (Figs 3C and 4,C), and showed a significant increase
months after CAS (Figs 3, C and 4, C). This increase in
CVRwas most obvious in theMCA territory. The changes
n rCBF and rCVR showed the same tendencies in the
ight and Left CAS groups.
Patients with newDWI lesions did not show differences
n postoperative neuropsychological test performance com-
ared with those without evidence of embolic complica-
ions. The preoperative VIQ, PIQ, and FIQ scores of
atients with new DWI lesions were 95.4  11.5, 88.0 
3.0, and 91.2  9.8, respectively. The postoperative
cores were 98.0  12.5, 93.3  16.2, and 95.4  14.2,
espectively. The changes in rCBF and rCVR of patients
ith new DWI lesions were similar to those of patients
ithout new DWI lesions.
The study population included five patients with 95%
tenosis. Four of these patients had right side lesions, and
he remaining one patient had a left side lesion. In this
ubgroup, SPECT study showed a low level of preoperative
psilateral rCVR of the MCA territory (mean, 4.9%; stan-
p
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operative ipsilateral rCVR of the MCA territory (mean,
50.5%; standard deviation, 21.4). The degree of improve-
Fig 1. Wechsler Adult Intelligence Scale-III (WAIS-III) sc
group.B,LeftCASgroup.C,Control A: group.D,Contro
Full-scale intelligence quotient; PIQ, performance intellige
Fig 2. Wechsler Memory Scale (WMS)-Revised index b
group.B,Left CAS group.C,Control A: group.D,Cont
Attention, Attention/concentration; Delayed, delayed m
Visual, visual memory.ment in neuropsychological tests tended to be high. The 1reoperative VIQ, PIQ, and FIQ scores of this subgroup
ere 96.8  8.4, 97.0  20.6, and 96.2  15.7, respec-
ively, and their postoperative scores were 107.6  14.5,
efore and after carotid artery stenting (CAS).A,RightCAS
oup.Error bars indicate standard deviation. *P .05.FIQ,
uotient; VIQ, verbal intelligence quotient.
and after carotid artery stenting (CAS). A, Right CAS
group. Error bars indicate standard deviation. *P .05.
ry; General, general memory; Verbal, verbal memory;ore b
l B: grefore
rol B:
emo03.4  27.1, and 106.2  20.4, respectively.
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The results of the present study indicated that the
impact of CAS on cognitive domains differs depending of
the side of treatment. PIQ was improved after CAS in
patients with severe carotid artery stenosis on the right side.
VIQ was also improved on the left side.
The WAIS assesses a wide range of cognitive abilities
and impairment. Studies of patients with focal brain dam-
age have provided major insights into brain cognition
relationships. Impairment of VIQ was shown to be related
to damage in the left hemisphere, and PIQ was reported to
be impaired in patients with right parietal involvement.11,12
Our findings were consistent with these previously reported
relationships between localization and cognitive domains.
On the other hand, some investigations have indicated
distinct brain hemisphere activity between males and fe-
males during verbal and visuospatial tests.13 Therefore, it
remains possible that our results were further emphasized
by the male-dominant study population.
Microembolic events and chronic cerebral hypoperfu-
sion due to carotid stenosis are major causes of cognitive
dysfunction.14 Silent microembolic events can be observed
even in patients with asymptomatic carotid artery steno-
sis.15 Using transcranial Doppler ultrasound, Purandare et
al demonstrated that asymptomatic microembolic signals
Fig 3. Changes in regional cerebral blood flow (rCBF)
carotid artery stenting (CAS) group. Histograms showin
and rCVR (C, ipsilateral side;D, contralateral side). Error b
Anterior cerebral artery; MCA, middle cerebral artery; Pwere associated with accelerated cognitive and functional becline.16 In addition, eradication of the sources of micro-
mboli is considered to result in preservation or improve-
ent of cognitive functions.14
The effects of new DWI lesions after CAS on neuro-
ognitive function are controversial.17,18 Although it has
een demonstrated that CAS is associated with a signifi-
antly higher rate of developing new DWI lesions,19,20
ome studies have shown that these lesions did not affect
ognitive performance in the chronic phase.18,21 These
ndings may have been because the effects of normalized
erebral circulation exceeded the negative effects of new
WI lesions. Although neuropsychological test perfor-
ance of patients with newDWI lesions did not differ from
hose without new DWI lesions in our study, it is not
ossible to say that these neuropsychological tests always
etect neurocognitive changes. Thus, it is essential to con-
inue working to reduce new DWI lesions when CAS is
erformed.
High-grade carotid artery stenosis has also been shown
o lead to chronic cerebral hypoperfusion resulting in cere-
ral white matter lesions,22 which are considered to be
esponsible for cognitive impairment.23 The pathologic
hanges in these cerebral white matter lesions are charac-
erized by diffuse demyelination and loss of axons in the
hite matter.24 As these pathologic changes are progressive
regional cerebrovascular reactivity (rCVR) in the Right
changes in rCBF (A, ipsilateral side; B, contralateral side)
dicate standard deviation. *P .001, **P .005. ACA,
osterior cerebral artery.and
g the
ars inut reversible to some degree, resolution of cerebral hypo-
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mental model of subcortical vascular dementia, the early
recovery of CBF has been shown to be a prerequisite for
cognitive improvement.25 Evaluation of the quality of ce-
rebral white matter lesions may allow preoperative predic-
tion of patients in whom revascularization will be effective
for restoring cognitive function.
The results of the present study indicated that patients
with high-grade carotid artery stenosis show significantly
low preoperative CVR and normalization of CVR by revas-
cularization. CBF is known to be increased in the activated
cortex. Positron-emission tomography and magnetic reso-
nance studies have shown that CBF is increased by about
50% in the activated cortex during voluntary hand move-
ment.26-28 A similar phenomenon may be seen in cognitive
function. Therefore, impaired cerebral vascular reactivity
may result in cognitive decline associated with carotid
lesions. In addition, normalization of CVR may result in
improved brain activation and cognitive function.
The present study had a number of limitations. First,
the relatively small number of subjects precluded subgroup
analysis. Although marked improvements in cerebral circu-
lation and cognitive function were observed in the sub-
group consisting of patients with pseudo-occlusion, this
could not be verified because of the small number of
Fig 4. Changes in regional cerebral blood flow (rCBF
carotid artery stenting (CAS) group. Histograms showing
and rCVR (C, ipsilateral side;D, contralateral side). Erro
cerebral artery; MCA, middle cerebral artery; PCA, postsubjects. The ongoing recruitment of patients will ptrengthen the statistical power or confute our results. In
ddition, the gender imbalance in our study may have
ffected the results. This gender imbalance was due to
thnic differences in that the prevalence rate of carotid
rtery stenosis is almost 10 times higher among males in
apan. In addition, the patients were assessed with WAIS-
II in the present study. Four secondary indexes (ie, Verbal
omprehension Index, Perceptual Organization Index,
orking Memory Index, and Processing Speed Index),
ere not used for assessing the outcomes. As these indexes
eflect more confined function, they may be more sensitive
easures for the hemisphere being revascularized. Finally,
ur data were related to the first 6 months after revascular-
zation only. Further investigations are required to confirm
he impact of carotid revascularization on neurocognitive
unction and differences in cognitive outcome on the side
f carotid artery stenting.
ONCLUSIONS
The impact of CAS on cognitive domain function
epends on which side is treated. PIQ was improved after
AS in patients with severe carotid artery stenosis on the
ight side, and VIQ was also improved on the left side.
mprovement of regional cerebrovascular reactivity seems
o be one of the factors contributing to those effects. A
regional cerebrovascular reactivity (rCVR) in the Left
hanges in rCBF (A, ipsilateral side;B, contralateral side)
indicate standard deviation. *P .005. ACA, Anterior
cerebral artery.) and
the c
r barsotential causal relationship between improved cognitive
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